Methanol stimulates the hydrolysis of GTP catalyzed by bacterial ribosomes in the presence of the chain elongation factor T (EF-T). The methanolstimulated activity is uncoupled from aminoacyl-tRNA binding to the ribosomes and does not require the presence of either synthetic polynucleotide messenger or aminoacyl-tRNA. When these reactants are present, along with EF-T, GTP, and methanol, the ribosomal binding of aminoacyl-tRNA is inhibited by thiostrepton but the uncoupled, EF-T-dependent hydrolysis of GTP is resistant to the antibiotic.
The activity of the chain elongation factors T and G is similarly inhibited by the antibiotics siomycin and thiostrepton (1) (2) (3) . Since GTP hydrolysis is a common event in the interaction of either EF-G and GTP (4, 5) or the ternary complex EF-T,* aminoacyl-tRNA-GTP (6-8) with 50S ribosomal subunits, the inhibition of both EF-T and EF-G activity by the above antibiotics suggests the involvement of a single 50S ribosomal site in these interactions. This site might be the common target of siomycin and thiostrepton, for both antibiotics inhibit the ribosomal binding of EF-G (1). However, the same antibiotics can prevent the nonenzymic binding of aminoacyl-tRNA (2) , and it is possible that they have more than one site of action.
We have recently reported a stimulatory effect of alcohols on the EF-G-dependent GTPase activity of protein-deficient ribosomal cores (9) . Further work is described in this paper showing that alcohols promote an EF-T-dependent GTPase activity of ribosomes in the absence of mRNA and aminoacyl-tRNA. When alcohol is present, the ribosomal binding of aminoacyl-tRNA is inhibited by thiostrepton, but the uncoupled GTPase-i.e., the GTPase activity promoted by alcohol-in the absence of mRNA and aminoacyl-tRNA, is resistant to the antibiotic. Under similar conditions thiostrepton completely inhibits the EF-G-and ribosome-dependent hydrolysis of GTP. EXPERIMENTAL PROCEDURE Materials. Ribosomes washed with 1.0 M ammonium chloride were prepared (10) from Escherichia coli strain MRE600 or D-10. 50S and 30S ribosomal subunits from E. coli D-10 were separated in a zonal rotor by the use of sucrose gradients, Abbreviations: The chain elongation factors previously referred to as T, and T. are now designed EF-Tu and EF-T8, respectively. EF-T is used to designate the elongation factor T not resolved into EF-Tu and EF-T, components. The chain elongation factor G (translocase) is now designated EF-G GMP-PCH2P, 5'-guanylylmethylene diphosphonate.
as described by Eikenberry et al. (11) . One A260 unit = 24.5 pmol of 70S ribosomes or 57 pmol of 50S subunits or 87 pmol of 30S subunits. Elongation factors EF-G and EF-T (Tu + T,) were prepared by the method of Parmeggiani (12) , which yields electrophoretically pure factors (13) . (y-32P)GTP was prepared according to Glynn and Chapell (14) . Deacylated tRNAPhe (a gift from Dr. G. D. Novelli, Oak Ridge Laboratories) or commercial deacylated tRNA (General Biochemicals) were charged with 14C-labeled phenylalanine. Poly(U) was purchased from Sigma or Schwarz, and [14C]phenylalanine (513 Ci/mol) from the Radiochemical Center, Amersham, England.
Methods EF-T-dependent binding of Phe-tRNA to ribosomes was measured by the Millipore filtration procedure (15) in 0.03-ml reaction mixtures containing 0.06 mg/ml of EF-T, 0.04 mg/ml of poly(U), 0.16.uM Phe-tRNA, 0.5,M ribosomes, 100 mM ammonium chloride, 20 mM Tris HCl (pH 7.8), 5 mM Mg(acetate), 1 mM dithiothreitol, and 0.1 mM GTP. GTPase activity was determined by measuring the release of inorganic phosphate from GTP by extraction of Pi with isopropyl acetate (16) shown) were obtained with Phe-tRNA prepared from tRNAPhe.
Ribosomes and EF-T are the only specific requirements for the observed GTP hydrolysis. Thus, in the presence of the alcohol, there occurs an uncoupled GTPase activity similar to that catalyzed by EF-G and ribosomes in the absence or presence of alcohols.
Characteristics of the uncoupled EF-T-dependent GTP hydrolysis
Ribosomal Subunit Specificity. The requirement for ribosomes makes it unlikely that we are dealing with a nonspecific GTPase activity in the EF-T preparation. Even more convincing is the ribosomal subunit specificity of the reaction illustrated in Table 2 . 50S subunits are 50-70% as active as an equimolar mixture of 50S and 30S particles, and 30S subunits are inactive in supporting the hydrolysis of GTP but enhance the activity of the 50S subunits. Heat Inactivation of EF-T-Catalyzed Activities. Further support for the view that EF-T is responsible for the methanol-induced GTP hydrolysis was obtained by studying the rate of heat inactivation of the coupled and uncoupled GTPase activities (Fig. 2) . Both activities showed the same rate of inactivation at 550, suggesting the involvement of a single active center. It is of interest to note that the rate of heat inactivation of EF-T, when assayed for Phe-tRNA binding in the absence or presence of ethanol (Fig. 2) , is appreciably faster than that of the GTPase activity. This result is compatible with the notion that EF-T has separate active centers or binding sites for GTP and aminoacyl-tRNA. This conclusion is in line with the results of Miller et al. (17) on the reactivity of sulfhydryl groups in EF-T. Inhibitors of EF-T-Dependent GTP Hydrolysis. The antibiotic thiostrepton (2, 3) , and the elongation factor EF-G bound to ribosomes in the presence of either GMP-PCH2P or fusidic acid and GTP (18) , block EF-T-dependent GTP hydrolysis coupled to aminoacyl-tRNA binding. Therefore, we have studied the effects of these inhibitors on the methanol-induced EF-T-dependent hydrolysis of GTP. Control The above results suggest that EF-G, bound to ribosomes in the presence of GMP-PCH2P, inhibits the uncoupled as well as the coupled EF-T-dependent hydrolysis of GTP, whereas thiostrepton inhibits the coupled GTPase only. In the case of reaction mixture 2 (Table 3) , where coupled as well as uncoupled GTP hydrolysis can take place, only the coupled activity appears to be sensitive to the antibiotic. In support of this conclusion is the finding (Fig. 3) that, under the conditions of reaction mixture 2 (Table 3) , the thiostrepton inhibition of GTP hydrolysis decreases as the concentration of methanol is increased. At 30% (v/v) methanol the drug is without effect, probably because at this concentration there is no coupled GTP hydrolysis.
The effect of other antibiotics on the methanol-induced, EF-T-dependent GTPase activity of 50S subunits was also studied. Siomycin, an analog of thiostrepton, gave the same results, and fusidic acid had practically no effect (Table 4 , column 2). Table 4 (column 4) also shows the effect of these antibiotics on the EF-G-dependent hydrolysis of GTP assayed under the same conditions. Methanol had no effect on EF-G activity when tested with 70S ribosomes (data not shown) and did not change the sensitivity of the reaction to the inhibitors tested.
These results disclose some important differences in the mechanism of GTP hydrolysis promoted by each of the two elongation factors. They also indicate that our EF-T preparation is largely free from EF-G, and that methanol does not inhibit the interaction of thiostrepton with ribosomes. This is further documented by the data of Table 5 showing that thiostrepton inhibits the enzymic binding of Phe-tRNA to the ribosomes, in the absence or presence of methanol (see reaction mixtures 1 and 2). Table 5 also shows that thiostrepton inhibits the nonenzymic binding, at low magnesium concentration, in the presence but not in the absence of methanol (see reaction mixtures 3 and 4). It has been shown (2) that, in the absence of methanol, nonenzymic binding of Phe-tRNA is only sensitive to thiostrepton at high magnesium concentrations. Thus, it appears that methanol, as well as high magnesium concentrations, enhances the binding of thiostrepton to the pertinent site on 50S ribosomal subunits. DISCUSSION Organic solvents, specially short-chain alcohols, have been very useful in the study of different steps of protein synthesis. Probably the best example is their use in the study of the peptidyl transferase center of the 50S ribosomal subunit. In the "fragment reaction" (19) , the presence of ethanol or methanol allows the formation of a peptide bond with a minimum of structural requirements, whereby a small fragment of aminoacyl-tRNA is able to react with puromycin. The usefulness of this assay is obvious, and it has been extensively used (20, 21) . Similarly, alcohols have been useful in the study of the binding of substrates to the donor and acceptor sites of the peptidyl transferase center (22) .
In the termination step of protein synthesis, the presence of ethanol has interesting effects, for it enables occurrence of the termination factor-induced release of formylmethionine from ribosome-bound fMet-tRNA in the absence of a termination codon (23) . Both ethanol and methanol have been used in studies of antibiotic binding (24) , and they also stimulate the elongation factor G-dependent GTP hydrolysis of protein-deficient ribosomal cores (9) .
In this paper, we show a new effect of alcohols on ribosomes. They uncouple the elongation factor T-dependent hydrolysis of GTP from the messenger-directed binding of aminoacyl-tRNA. Moreover, the uncoupled GTP hydrolysis is not inhibited but, under certain conditions, is even stimulated by the antibiotics thiostrepton and siomycin, which are known to inhibit the enzymic binding of aminoacyl-tRNA to the ribosomes and its associated GTP hydrolysis.
Our results do not imply that the two processes catalyzed by EF-T, namely aminoacyl-tRNA binding and GTP hydrolysis, are unrelated "in vivo". Our data are, however, consistent with those of Miller et al. (17) suggesting two separate active centers on the EF-T molecule, one for binding aminoacyl-tRNA and the other for GTP binding. For activity of EF-T under normal conditions both sites have to be occupied forming the ternary complex EF-Tu aminoacyl-tRNA GTP (complex II) (6, 7). Ethanol, however, affects the structure of EF-T, or of ribosomes, or of both in a way that allows interaction of the EF-T-GTP complex with ribosomes in the absence of aminoacyl-tRNA. The fact that thiostrepton does not inhibit this interaction supports the suggestion of Modolell et al. (2) and Kinoshita et al. (3) that the antibiotic does not act on the GTPase center of ribosomes but on the aminoacyl-tRNA binding site (A-site). The stimulation of GTP hydrolysis observed in the presence of the antibiotic might be due to an A-site-bound antibiotic molecule facilitating the interaction of the unnatural EF-T-GTP complex with ribosomes.
The EF-G-dependent GTP hydrolysis is sensitive to thiostrepton and siomycin in the presence of methanol. Although the simplest explanation of this finding would be the presence in the 50S subunit of two different GTPase centers, our results are also compatible with the one GTPase center model. Under normal conditions, Complex II, EF-T, and thiostrepton bind in close proximity to the A-site (2, 18)*. However, it is possible that, in the presence of methanol, the EF-T-GTP complex, having the aminoacyl-tRNA binding site of the EF-T molecule free, is the interacting unit; under these conditions, it is easy to imagine that the interaction with the ribosome is not only not affected, but is stimulated by, thiostrepton.
It has been reported that siomycin and thiostrepton do not inhibit the nonenzymic binding of Phe-tRNA to ribosomes at low Mg2+ concentration (2), a binding that takes place mainly at the P-site of ribosomes (25) . We have seen in this paper that, in the presence of methanol, binding of Phe-tRNA is sensitive to thiostrepton at 5 mM Mg2+, suggesting that under these conditions the binding, or at least half of it, takes place at the A-site.
Nothing is known about the specific structural changes induced by alcohols on ribosome structure, despite their extensive use in studies of ribosomal function. From our own data and the reports available, ethanol seems to affect mainly the 50S subunit. In the case reported in this paper, we have no proof that methanol affects ribosomes rather than EF-T but, in any case, it may be very useful for the study of the GTPase center of the 50S subunit, especially in ribosome reconstitution studies.
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